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Optimal Policies for the Control of Non Point- Source
Pollution in a Second Best Environment

Policy prescriptions for the control of non point-source pollution have
been exam ned by a variety of authors (e.g. Giffen and Brom ey, Shortle and
Dunn, Segerson). Inplicit in nmost nodels and anal yses has been the assunption
that the externality represented the only source of nmarket failure in the
sector being analyzed. However, in cases involving agricultural non point-
source pollutants there are likely to be distortions other than those
generated by the externality that effect the input or output markets for the
primary product. Crop prices may be supported through commdity prograns or
marketing orders, input prices may be distorted or input use may be controlled
through quantity restrictions and use regulations. Irrigation water supplied
by the Bureau of Reclamation is an exanple of a case in which a primary input
is provided at a subsidized price, but in limted quantities. Subsidized
electric rates, nitrogen fertilizer taxes, cost sharing for soil conservation
practices, and pesticide use regulations provide additional exanples of input
market distortions. The general theorem of the second best (Lipsey and
Lancaster) suggests that the use of first-best policy tools to correct
production externalities under these circumstances may actually nove the
econony away from a second-best optimum rather than nearer to it.

Several authors have addressed the second-best conditions created by
output market distortions (e.g. Lichtenberg and Zlberman, Buchanan), but
relatively little attention has been paid to input market distortions. This
paper devel ops a conceptual framework for exam ning non point-source contro
in a setting characterized by input nmarket distortions that are particularly
relevant to irrigated agriculture. Two conditions giving rise to a second-
best problem are examined: input price distortions and institutionally set
quantities of the input. These conditions describe surface-water supply

institutions in much of the western United States. In addition to its



inportance as a primary input to crop production, irrigation water is also a
primary input in the generation of agricultural externalities in many areas.

The inplications of input market distortions on non point-source
problens are examned first in a single firmcontext. The analysis is then
extended to nultiple firms to exam ne optinmal policy tools when the input
price and quantity distortions differ between firns. Finally, an enpirica
exanpl e is presented that explores policy options for addressing the
agricultural drainage problemenmanating fromirrigation activities in
California’s San Joaquin Valley. Prices and quantities of water delivered to
farmers in the study area are set by the Bureau of Reclamation and do not
reflect market forces. Hence, non-point source emssions wth distortions in
the market for an input (water) characterizes this problem
Conceptual  Framework

In this analysis, profit maximzing farmers are assumed to jointly
produce crops and a volume of effluent through the use of two inputs, a
polluting input (x) and an abating one (z). For purposes of discussion, input
x may be thought of as irrigation water while z may represent irrigation
technol ogy or nanagement. Farms face a maxi mum constraint (x) on the
quantity of the polluting input used and receive that quantity at a distorted
price (w*). The optimzation problemfor a representative farmis to choose

input levels to:

Max ni = pfi(x,, z,)-wix,-rz, (1)

subject to: x; < X;,

where =* represents net returns to land and managenent for the i*® farm pis
the price received for crop output, £i(-) describes crop production
opportunities for the i*h farmand is assumed to be twice differentiable and

concave, and r represents the narginal cost of the abating input (z). The
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social objective in this scenario is to maximze social welfare (S) defined as
the sum of farmlevel net returns less the social damages incurred as a result

of the production externality:

Maximize S = Y, (pfi(x;,z;,) - wox; - 1z,) - pD(g (%, 2), ..., g¥(X1,27)) (2)

subject to: x; s x; Vi,
where ws represents the “true,” per unit cost of supplying the input x (the
supply price), D(-)represents total effluent levels, pg represents the
margi nal social cost of damages from em ssions, and gi(-) is a production
function describing non-point source enissions fromthe i** farm The non-
poi nt source production function is assuned to be twi ce differentiable and
convex, and to increase with input x and decrease with levels of z, i.e.
gy > 0,9,<0, gx20,, and g, 2 0. Subscripts on functions denote partia
derivatives. In addition, fromhere onit is assuned for sinplicity that
total damages are an additive function of farmlevel emssions, i.e. that
D=Y gilxiz¥.

Non poi nt-source control studies often suggest the use of input taxes to
motivate optinal behavior (Giffen and Brom ey, Stevens, Pfeiffer and
Wiittlesey). Under the assunptions that the input constraint is strictly
nonbi nding and that all farnms face the true cost of water (i.e. wi = w*, Vi),
it can easily be seen that a set of input taxes ty = pggx t, = Pa9z Wi ||
motivate socially optimal behavior on the part of farms,

Model i ng policy choice for markets with resource constraints is
straightforward when it can be assumed that the nature of the restrictionis
invariant to the paranmeters of the problem e.g. if a constraint is binding
before a price change, then it will be binding for the regulated firm

However, the inpact of a policy may be such that movenent on to, or off of,



the constraint is generated. A taxonony of “reginmes” can be defined to
describe these alternatives, as shown in Table 1. The cases in which the
constraint is always binding (reginme 1), as is generally the case with fixed
inputs, or is nonbinding (regime 2) lend thenselves to traditional analytic
nethods. Two additional regines are necessary to describe a switch in
conditions: regine 3, in which the constraint is binding prior to governnent
regul ation of the externality, but not binding afterward, and the opposite
case in which the constraint is initially nonbinding, but binds at the optinum
as a result of a policy (reginme 4). Conparative statics results cannot be
used to anal yze the case of inequality constraints or discrete changes in the
val ues of policy instrunents, as is necessary to address the conditions
inmplied by the latter two regimes. Policy analysis should, however, be
conducted with respect to all four regimes. A different approach is therefore

required.

Table 1. Taxonony of Policy Regines

Solution Incorporating Externality

| nput constraint: Bi ndi ng Not Bi ndi ng
Pre-policy — ) )
Bi ndi ng Regime 1 Regime 3
Sol ution
Not Bi ndi ng Regime 4 Regine 2

Single Firm Analysis

Input price distortions can be analyzed by assuning that a
representative firmfaces a private input price of wP (wP = w). In the
irrigated agriculture exanple, w® may represent the cost to the Bureau of

Recl amation of producing and delivering an acre-foot of water, while wP
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represents the price paid by farmers to the Bureau. The definition of w® does
not incorporate the external costs associated with the use of the water (these
are addressed explicitly in this analysis) though it may include external
costs associated with devel opnent of water supplies.® Farners often pay |ess
than full cost for water deliveries due to the subsidies that are built into
the Bureau’s pricing structure, so that w? < w#, In addition, farners are
allotted a fixed quantity of water per acre per year.

The level of input prices plays an inportant role in determ ning whether
the input constraint is binding in a given problemand, therefore, whether the
constraint is relevant for analysis of non point-source problens. This
rel ati onship suggests an alternative approach in which a virtual price
w¥(p, W, r, X), defined as the price at which the constraint would be “just”
binding, is specified. In this exanple, w” represents the price at which the
firms demand for input x would equal % and is inplicitly defined by
x(p, w¥, r) =Xx. The work of Neary and Roberts illustrates the use of virtua
prices to nodel consunption when some conmodities are rationed. Anal ogously,
w* is the level of the input price that would induce the firmto choose the
socially optimal level of the input and is inplicitly defined by
x(p, w*, r) =x"(p, w8, I, pg) .

The taxonony of regines and the response to policy instrunents that can
be expected fromthe firmunder each regine can be depicted graphically. The
firms demand for input x is labeled vMP|, (Figure 1). The social cost
function is defined as the private marginal cost of the input plus margina

soci al damages, i.e. MSC|, = w® + pyg,. The inputs are assunmed to be

1 External costs of devel oping water supplies include degradation of
wildlife habitat, declines in fisheries, and |oss of white water recreation.
For a nore conplete description of these costs see Wl ey.



technical Iy independent (f,, = g, = 0) since without this assunption a famly
of curves is necessary to depict social marginal costs and private nargina
benefits in a two dimensional figure. The marginal product in the input
demand function and the narginal effluent product in the social danage
function are both evaluated at z = z*. The unconstrained (first-best) socia
optimumfor x is denoted by x* and is defined by the intersection of the value
of marginal product and marginal social cost curves, i.e. where

pf,=w® + psg,, aS IS required by the social first order conditions (derived
fromequation (2)). An unconstrained firmwould choose x = xP in the absence
of policy intervention. However, the input constraint is binding so the firm
chooses x = X.

The theory of the second-best suggests that attenpts to apply first-best
tax rules to correct an externality may be suboptimal when other distortions
are present (Lipsey and Lancaster). A contrapositive is also suggested: if
one can address all distortions, then optimal taxation rules wll be
effective. Therefore, it is equally inportant to consider the potential for
policy tools to restore a first-best state as to examne the inplications of
first-best tools under second-best conditions. A distinction is made between
first and second-best optima. In this paper, it is assuned that narket
distortions occur in tw fornms: (i) input market distortions including a price
distortion and a quantity constraint, and (ii) an environmental externality
The first-best, or social, optinumis defined without regard to the narket
distortions while second-best optinma result from maximzation of socia
wel fare subject to the condition defining the second-best nature of the
probl em

Figure 1 depicts a constraint that is binding in both the social and

private optimzation problems (regime 1). Traditional prescriptions for



attaining a social optinum suggest an input tax on x equal to PaBx» the val ue
(cost) of the marginal effluent product. This is the distance w* - w® in
Figure 1. The second-best optimumis attained at x when the constraint is
imutable. This is the point at which net social benefits are maxim zed
subject to the input constraint.® The firmis al ready using the second- best
optimal quantity of x in this case and, because the virtual price is greater
than that inplied by the true social cost (w*) of using the input, it will not
respond to a tax reflecting marginal social damages. Neither the constraint
nor the externality are policy relevant in this case. The price distortion in
the presence of a binding input constraint serves only as an incone transfer
and in the short run does not influence the firm s decision regarding the
quantity of input used when wf and w® are both |less than w”, regardl ess of
whet her the private price reflects a tax or a subsidy.?3

Wien the input constraint is not binding at the social optinumonly
policy instrunents that address both the price distortion and the socia
damages associated with the use of the input will assure first-best
optimality, regardless of whether the constraint is binding in the private
problem (regimes 2 and 3). Figure 2 illustrates this result for the case that

the constraint is binding at the private (pre-policy) optimum The diagramis

2 For diagrammatic purposes, the optinal |evel of the abating input (z)
isinplicitly assumed to be invariant to the level of the polluting input (x),
inplying that £, = g, = 0. However, it is likely that the optimal |evel of z
will vary with the constraint on input x, i.e.z*(p,w?,r,p)# 2*(P,W*,I,p4:%),
requiring a policy instrument to induce the firmto use the optiml quantity
of the abating input. The results regarding the constrained input renain
valid when £,, = 0 and g,, = 0, provided that the cross input effects are small
enough that the constraint remains binding after the shift in the value
mar gi nal product and marginal social cost curves.

3 Though taxes and subsidies have identical inplications on the margin,
firmentry and exit decisions may be different under a price subsidy than with
a tax. The long run effects may therefore also differ (see Spul ber).
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simlar to Figure 1 but depicts a constraint at an input level that is greater
than socially optimal. The unregulated firmchooses input |evel x = X.

Policy intervention is required to assure social optimality in this case.

The firmchooses x*, the optimal level for input x, only when faced with
a price of w* (Figure 2). The policy instrument nust therefore increase the
cost to the firmof using input x fromthe private margi nal cost (wP) to the
true shadow price (w*). This distance is conposed of two parts: a) the price
distortion, illustrated as the distance fromwP to w*, denoted t,, and b) the
distance fromw® to w*, which represents the marginal cost of the externality
at the optimumand is denoted t,*. The optimal tax on input x in this case is
a conposite one that includes a correction for the price distortion and a term

equal to the marginal social cost of input use to correct for the externality:

t,=(w® - wP) + psg,. An input tax that does not account for both problems
(settingt, =ty for exanple) will notivate the firmto nove towards but not
to the optimumlevel for input x. Furthernore, if the true private cost is
artificially high, i.e.wP>w#, then ignoring the price distortion and
setting t, = tx Wl cause the firmto nove beyond the social optinumto a

[evel x < x*.

An alternative to input taxes to address non point-source problens is a
tax on estimted effluent levels. Wen input prices are distorted, it is not
possible to specify an effluent tax that will, by itself, assure a first-best
optimum  Two instrunments are necessary to correct both the price distortion
and the externality. A tax on the input x nust be introduced in addition to a

tax on estimted effluent levels. The formof these will be t,=w® - w?® and

ta = P4, respectively.

Wien the supply price is below the virtual price, but the private price
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Is not (ws < w¥ < wP) and the true cost, w", is less than w", the input
constraint is not binding in the private problembut is binding in the socia
optimzation framework (regime 4) and a second-best approach is required.
This case occurs when the input is taxed, rather than subsidized, and is
illustrated in Figure 1 where the firmfaces an input price of w* . The
second- best optinum coul d be achieved with a partial correction of the price
distortion, such as subsidy equal to wf - w".

Regime 4 can also be examned with Figure 2 by allow ng the constraint,
x, to represent a mninumrather than a maxi num level for the use of input x.
This situation may apply to farners with appropriative water rights who al so
have an alternative water source such as groundwater. Appropriative water

rights are often assigned on a “use it or lose it” basis and these farmers

will use a mnimmvolune of water each year to maintain their rights. 1In the

general case, the unregulated firmwll select x =xP, as it does under regine

3. An input tax tx = pggy (illustrated as the distance w* = w#) will induce
the firmto reduce the use of the input only to x, the point that the
constraint becones binding. A tax set equal to marginal social damages (Pagx)
w |l be unnecessarily large. The input level x represents the second-best

opti num because the constraint is binding at the social optimmand a tax of
only tx =w¥v- weis sufficient to notivate optinal behavior

In sum an input tax inposed on the constrained input has no inpact when
the input constraint is binding at the social optinum (regines 1 and 4).
However, an input tax is an effective means of inducing the firmto consider
the social damages associated with the input when the constraint is not
binding at the social optinum (reginmes 2 and 3). This will be true whenever

the true shadow price (including the social cost) for the polluting input is

greater than the virtual price, i.e. w* > wv¥, Policy intervention is
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necessary to induce optinal behavior when the constraint is not binding in the
private optimumbut is binding at the social optinum However, the |evel of
the policy instrument may be different fromthat specified as optimal under
first-best conditions and found to be appropriate for regimes 2 and 3. These
resul ts suggest that the existence and |ocation of an input constraint can be
critically inportant for the policy maker and may have a direct effect on
optimal policy choice.

Ml tiple-firm Analysis

The potential danger of ignoring the conditions that create second-best
policy environments when addressing externalities is illustrated in the
following exanple. Two firns or regions are assuned to contribute to a water
pol lution problemw th em ssions that arise fromuse of input (x). The firms
are identical except that they face different institutional paraneters related
to the polluting input. Firm1l receives a relatively low input allocation and

pays a relatively high price per unit, while firm2 receives a |arger quantity
of the input and a large price subsidy, i.e. ¥x* > x*, and w2 < w*. This

exanpl e of heterogeneous institutional parameters reflects Bureau of
Recl amation water supply policies.

The inplication of variation in institutional parameters for externality
control is examned in Figure 3, where firm1 and firm2 are depicted on the

right and left sides of a back-to-back diagram The net private margina
benefits (PMB, = pf{ - w3, j=1,2) and the social marginal benefits resulting

fromuse of input x are illustrated for each firm Social narginal benefits

(SMB3) equal net private marginal benefits mnus the marginal social cost of
using i nput x: smBy = pfd - w7 - pugd. j=1,2. Firm1 does not receive a price

subsidy in this example (w! = w%), firm 2 faces a non-binding resource

constraint, there is a one-to-one relationship between input use and effluent
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production (g = 1), and the inputs x and z are independent (£,, = ge, = 0).
These assunptions are made for di agrammatic purposes only and the results
remain valid for less restrictive assunptions.

The socially optimal level of input use by each firmoccurs where the
margi nal (private) benefits are equal to marginal (social) costs, or when net
social marginal benefits are zero. In Figure 3 this occurs at input |evels
x,* and x;*. However, firm2 will chose the input |evel that sets net private
mar gi nal benefits equal to zero in the absence of policy intervention (x, =

%X°). Firm1 would like to do the same but may not use more than x; units of

X so that x° = X;. The sumof inputs used in the private solution

(x° = x;+x,°) generates negative net social narginal benefits

The marginal effluent products of input use are the sane for firns 1 and
2 in Figure 3 and the narginal effluent contributions are additive. The
socially optinmal |evel of total input use, given optimal |evels for other
inputs, is X* = x;" + x,". The policy maker nust either mandate optinal input
|l evel s for each firmor nust devise a tool that will reduce input use fromthe
pre-policy level (X°) to the optimal |evel (X*).

As described in the previous section, an input tax or Pigouvian tax on
estimated effluent can be effective in the presence of a resource constraint
that is not binding at the social optinmum but neither will be an optinal
policy choice when a persistent price distortion exists. For exanple, an
ef fluent discharge tax set at Pa will notivate firm1l to select x," but firm2
will reduce input use only to x,* because its input price is subsidized
Total input use and effluent levels are higher than optimal in this case.

This result is a consequence of the price subsidy and not nerely due to the
difference in input prices. |f w? represented the true value of the input

used by firm2, %" would coincide with x, and the Pigouvian charge pgwoul d
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achieve the optimal solution. Under this condition, optinmal effluent levels
are higher than those inplied by X*. Wen the price paid by firm2 is
subsi dized and does not represent the true value of the resource, the socia
value of input use is lower than that inplied by PMB, and the higher input use
and effluent production by firm 2 are inefficient.

To achieve the optimal level of input use, and thus of effluent
production, it is necessary to develop policy tools that will notivate firns
to consider the social costs of input use given that they observe a distorted
input price. Under these conditions, there are several regulatory schenes
that policy makers mght consider.

One set of options includes a tax, either on estimted effluent |evels
or on input use, that incorporates the shadow val ue of an effluent (or input)
constraint set at desired levels. Suppose that achieving optimal effluent
level s requires a fifty percent reduction in use of the polluting input (X* =
.5%°), as illustrated in Figure 3. The first order condition for firm
optim zation under appropriate tax options requires that input use and
ef fluent production be allocated anong firns so that the net private margina
benefits per unit of externality are equal:

1_..1 2 2
(Pfxlw ) e (Pfxzw ) - t,. (3)
gx Gx

The PMB; curves in Figure 3, defined as net private marginal benefits per unit
of input, also represent the net private nmarginal benefits per unit of

externality under an assunption that g, = 1 for both firms. This assunption
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is made for diagrammatic sinmplicity only.* An effluent tax level of £; m ght
be expected to achieve the fifty percent reduction objective at |east cost, as
follows fromequation (3) and is illustrated in Figure 3. This is the
famliar result that efficiency is achieved when marginal abatenment costs are
equilibrated anong polluters (Baunol and QGates). The input allocations that

arise froma policy of charging an effluent tax of £, are denoted §1 and £2 in

Figure 3 (% +%, =x"). An effluent tax of £, does represent an efficient
solution to the fifty percent reduction objective when there is no price
distortion, i.e. when w? represents a true price, but may nove the firms
further away from the optimal solution when a price distortion is present.

Anot her possible nethod for attaining optimal input use is to require
uni form reductions in input use anmong firms. In this scenario, both firns are
required to reduce input use by fifty percent. The activity levels resulting
from this uniform reduction scheme are denoted x;* and x*.

The uniform reduction scheme causes firm1 to use too little of the
input and firm2 to use too much, relative to optimal levels. However, as
seen from Figure 3, a policy such as an effluent tax that equates net private
mar gi nal benefits (marginal abatenent costs), rather than increasing
efficiency relative to the uniformreduction, actually requires further
reduction in input use by firm1 and less reduction by firm2. Total welfare
is thus reduced under this policy.

The wel fare changes associated with input allocations inplied by a
policy of equating net nmarginal benefits relative to a uniformallocation are
illustrated in Figure 3. Area (acdf) represents the loss in welfare

experienced by firm1 as a result of the reduced input use, while area (ghkl)

“ For exanple, a non-constant narginal effluent product can be
incorporated in the diagrambut will increase its conplexity without changing
the results.
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is the true welfare gain to firm2 fromthe greater input allocation. The net
private welfare loss is area (acdf) - area (ghkl). The additional benefits
that firm2 would receive fromthe greater input allocation in the formof the
price subsidy (area hijk) is an income transfer only, and is not included when
measuring the efficiency gains or losses of a policy. The difference in net
social welfare under the two allocation schemes is the sum of the areas
bet ween the social marginal benefit curves and the axis and between the input
| evel s associated with each allocation, i.e. area (abef) + area (glmm). Areas
(abef) and (gl m) represent negative val ues because social |osses result from
the reduced input use by firm1 and from the increased input use by firm 2,
Each input allocation represents the same |evel of total input use and
effluent production in this exanple. As a result, the difference in (true)
private net benefits (acdf-ghkl) is identical to the net social welfare |oss
(abef-glmn).?

Drai nage Case Study

The presence and magnitude of welfare | osses resulting fromalternative
policies introduced to address an externality in a second-best setting are
examned wWith regard to an agricultural drainage problemin California. A
brief description of the problemsetting is presented next, followed by a
sumary of the nmodel devel oped to sinmulate decision making in the area and
results from sinulations conducted under alternative drainage reduction
pol i ci es.

Many of the West’'s nobst valuable agricultural lands are naturally arid
and have been nade productive only through large-infrastructure water delivery

systems. Devel oped water is typically sold to water districts under contracts

5 Area (acdf) = (abef) + (bcde) and (ghkl) = (nhkm - (glmm). In
addition, (bcde) = (nhkm) by synmmetry. It follows that (acdf) - (ghkl) =
(abef) + (bcde) - (nhkm) + (glm) = (abef) - (gl m).
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that specify the quantity of water to be delivered and the price per acre-
foot. The terms of these contracts vary by district so that one farmer may
receive a generous allotment at a relatively low price while a farmer in a
nei ghboring district may be nore limted in the quantity of water received and
pay a higher price.

Increasingly, many regions are facing salinity and drainage probl ens.

In these regions, as in arid regions throughout the world, irrigation water is
applied in excess of crop water requirements to |each accunul ated salts out of
the root zone and to provide the mninumanount of water required by plants in
all portions of non-uniform fields. In areas with limted natural drainage
this excess applied water contributes to regional saline high water tables
that can cause crop yields to decline on overlying |ands through upward
capillary motion of salts and, in extreme cases, saturation of root zones.
Artificial drain systens may be installed to maintain sufficient depth to the
high water table and sustain agricultural productivity in these areas.

Mich of the water collected in subsurface drain systens installed on the
westside of California’ s San Joaquin Valley (Valley) is high in dissolved
solids and contains naturally occurring sel enium nolybdenum boron, and ot her
elements.  The 1983 discovery of toxic concentrations of seleniumin waterfow
at Kesterson Reservoir, a holding pond for agricultural drainage located in
the Valley, underscored the conplex pathways through which water collected in
drain systens can concentrate in ecosystens both near the source and far away.

As a result of events at Kesterson, the State of California has
established a water quality standard for seleniumin the San Joaquin River and
I's considering standards for other elenents and salts (California, 1988). It
has been estimted that the river quality standard could be net with
approximately thirty percent decreases in drain water volumes discharged from

a 94,000 acre drainage study area on the westside of the Valley, and that
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these decreases are feasible with water conservation through inproved
managenent of irrigation applications (California, 1987). The neans by which
growers mght be encouraged to adopt the changes necessary to achieve the
recormended drainage reductions have not yet been determ ned.

The inplications of alternative policies for addressing the drainage
probl em are examned with an agricultural production nodel designed to
sinulate farmer decision making in the drainage problem area. The node
describes econonic, agronomc and hydrologic characteristics pertaining to the
area and predicts changes in agricultural production decisions and drai nage
volumes in response to policy alternatives.

Water can be conserved fromagriculture in three ways: (i) water
applications can be reduced, allowing crop yields to decline as a result of
water stress; (ii) irrigation application efficiency and uniformty can be
increased as water applications are reduced to maintain crop yields; or (iii)
cropping patterns can be changed to replace crops that have relatively high
water requirements with those with lower water needs. Al three possibilities
are incorporated in the sinulation nodel

Si phon tube furrow irrigation systenms with half mle runs are typically
used to irrigate cotton, tomatoes, sugarbeets, and nelons (cantal oupes) in the
area, while wheat fields are generally irrigated with border check systens.
These crops represent 80 to 90 percent of irrigated acreage in the study area.

Changes in irrigation practices can conserve water and may help to
reduce drainage production, but wll necessarily increase costs. To
incorporate this aspect of the problem crop specific irrigation technol ogy
cost-efficiency functions are estimated and included in the nodel. Irrigation
efficiency is defined as the ratio of the depth of water beneficially used
(plant needs plus mninumleaching fractions) to the average depth of water

applied to a field.
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Production of the principle crops is nodeled with crop-water production
functions. \Water applications (x) are multiplied by irrigation efficiency (z)
in the production functions so that yield is a function of effective applied
water, i.e. the amount of water available for plant growh

The objective in this problemis to chose cropping patterns and crop-
specific water applications and irrigation efficiency levels to maximze net
returns to | and and managenent from crop production, subject to water
allotments, land availability and constraints on acreage allocations for
selected crops, and given the technol ogical relationships specified for crop
production and irrigation technology costs. Collected drain water volunes are
predicted with a mass bal ance equation adapted fromthe Wstside Agricultura
Drai nage Economics nodel (Hatchett, et al.). The nodel is specified as a non-
| i near programm ng problem and solved with an appropriate algorithm (see
Wi nberg for a nore conpl ete nodel description).

Prices charged to farmers in the area range from$0 to $36 per acre-foot
and allocations fromapproximately 2.3 to nore than 4 acre-feet per acre.
Oficial estimates of the irrigation subsidies for the area range from $15 per
acre-foot to nearly $50 per acre-foot (United States).

Three “farns” representing different water districts are selected in
order to incorporate heterogeneous institutional paraneters in the analysis.
One farm (Farm 1) represents a district with a token charge of $1 per acre-
foot of delivered water and an allotment of 4 acre-feet per acre. The other
two farms face a price of $60 per acre-foot, reflecting “full-cost” water,
with farnms 2 and 3 receiving allocations of 3.7 and 3.3 acre-feet per acre,
respectively.

Base case results are consistent with expectations. \Water applications
are higher and irrigation efficiencies are lower in Farm1 than in Farm 2.

Simlarly, nore water is applied and efficiencies are lower in Farm2 than in
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Farm 3. The higher efficiencies required in Farns 2 and 3 to obtain optinmm
crop yields result in increased irrigation technology and nanagenent costs
H gher irrigation costs result in net returns to |and and managenent that are
highest in Farm 1 and |lowest in Farm 3, although results for Farns 2 and 3 are
quite simlar. Larger water applications are expected to generate |arger
volumes of drain water. The nodel predicts that Farm 1 will generate
1.25 acre-feet per acre of drain water, while Farm 2 will generate 1.02 acre-
feet per acre and Farm 3 will generate .96 acre-feet per acre

As noted above, it has been suggested that water quality objectives
could be net with roughly 30 percent reductions in drain water collected in
the drainage problem area. A nunber of alternatives exist for allocating the
reduction objective anong farns and water districts in the area. Two nethods
are considered here: an equilibrating scheme and a uniform one. The
equilibrating scheme, so called because it equilibrates private margina
abatement costs anong farnms, specifies a 30 percent regional reduction
obj ective and solves for the |east cost neans of achieving that objective
given observed water prices. The uniformreduction schene requires that each
farm reduce drain water volumes by thirty percent from base |evels.

Figure 4 illustrates the income and efficiency effects of alternative
drai nage allocation schenes. Conparison of average private returns under
alternative allocation schemes provides an indication of the efficiency of
each. However, in a second-best world this conparison nust be made net of the
price subsidy to determne true welfare costs of choosing between allocation
schemes, these are denoted net returns in Figure 4. The water supply
constraints are binding in the base results for all three farns, but are not
binding in any case in which the thirty percent drainage reduction is net,
This problem can thus be classified in regime 3. The input constraint is not

policy relevant in this case, as illustrated in the previous section



19

Results indicate that the equilibrating allocation schene appears to be
socially optimal when the price subsidy is not considered. Average private
returns are $350.20 per acre under the equilibrating schene and $349.70 per
acre the uniform schene when conparing Farms 1 and 2 (Figure 4a). The value
of the $59 per acre-foot price subsidy is $218 per acre to Farm 1. Deducting
this payment prior to conparison of the policy alternatives reveals that
average returns are $10 per acre higher with the uniformallocation than with
the equilibrating one.

The results denmonstrate that application of a first-best policy
prescription in a second-best environment can be welfare reducing. This
result is not universal, however, and the advantage of the uniformallocation
schene is reduced when conparing farns with increasingly larger differences in
initial water allotnents. For exanple, a conparison of Farms 1 and 3 reveals
that average private returns are essentially the sanme under the two drainage
all ocation schemes and that the equilibrating schene results in net returns
that are $.75 less than with the uniform scheme (Figure 4b).

The inpact of the tighter water constraint for Farm3 is to increase the
private value marginal product for the input, in effect increasing margina
abatement costs relative to those for farns with higher water allotnents. The
equi librating schenme gains, relative to the uniformone, by incorporating
these factors in the final drainage reduction allocations. Nevertheless, the
uni formal l ocation perfornms as well or better than the equilibrating one in
both cases considered here. In addition, uniform reduction policies may
require less information and involve |ower inplenentation costs than policies
that are generally considered to be efficient for achieving environmenta

obj ectives, particularly for cases involving non point-sources of em ssions.
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Summary and Concl usi ons

Thi s paper addresses the problem of the second-best in non-point source
control and describes conditions under which an effluent tax or set of input
taxes will not assure a social objective at least cost. The second-best
condi tions exam ned include price distortions for a polluting input and input
allocations that are institutionally deternmined. These conditions
characterize Bureau of Reclamation irrigation water distribution policies.

Results indicate that even if an input constraint is binding at the
private optimum it is not policy relevant if it is not binding at the socia
optimum  The principle result that both effluent taxes and a set of input
taxes define optimal policy choices remains valid in this case. However, if
the constraint is binding at the social optimum (and is inmutable) then: (i) a
first-best solution is not attainable, and (ii) the input constraint defines
the socially second-best optimal level of the input. No policy action with
respect to the constrained input is required, though it may be necessary to
introduce a policy tool to notivate optinmal changes in the |evels of other
i nput s.

Results indicate that the policy maker can ignore the input constraint
if it is not binding at the social optimmbut nust correct for the input
price distortion to achieve a social optimum A set of input taxes is optimal
if the input tax on the polluting input is a conposite one including both the
mar gi nal social cost associated with input use and the price differentia
between the “true” and actual price. An effluent tax alone is not capable of
assuring that the social optinumis realized.

The price distortion is not policy relevant in the short run when the
constraint is binding at the social optimm although the input price
distortion acts as an income transfer with distributional consequences that

the policy nmaker may want to address. The long run inplications may be
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different than the results expressed here

An agricultural drainage problemis examned to illustrate the
inplications of policy alternatives in a second-best setting. Equating
mar gi nal benefits anmong firms reduces welfare in this exanple. The
pervasi veness of governnment intervention in agricultural input and out put
mar kets notivates incorporation of these results when designing policies to
address the environmental problenms associated with irrigated agriculture.
Policy makers that do not examine the inplications of second-best conditions
bef ore maki ng policy recomendati ons may reduce social welfare in the process
of addressing externalities associated with irrigated agriculture.

This paper has re-iterated the warning of Lipsey and Lancaster that
soci ety can be nade worse off by the attempt to apply “first-best” policy
rules in a second-best setting. The results suggest that alternative sources
of market failure may have inportant inplications for environmental policy
makers. The optimality of policy instruments for externality control requires

that these inplications are considered
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Figure 3. Welfare effects of policy alternatives under
second best conditions




Figure 4. Income effects of policy alternatives
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Poi nt/ Nonpoi nt Source Trading for Controlling

Nutrient Loadings to Coastal Waters: A Feasibility Study

David Letson, Stephen Crutchfield, and Arun Malik

Resources and Technol ogy Division, Economc Research Service, USDA

ABSTRACT: This paper attenpts to make an initial assessment of the feasibility
of point/nonpoint source trading in coastal watersheds. A theoretical nodel
finds that the relatively greater uncertainty and nonitoring costs associated
with nonpoint source |oadings make the setting of a trading ratio difficult a
priori. A set of sinple screening rules reveals that ten percent of coasta

wat er sheds have significant contributions of |oadings fromboth point and
nonpoi nt sources. These results suggest that point/nonpoint source trading is
nmore likely to work in a small nunmber of coastal watersheds than as a neans

from bringing nonpoint sources in coastal watersheds under control nationally

. Introduction

Wiile the reduction of point source (PS) discharges since 1972 has
yi el ded sone inprovenents in the nation's water quality (e.g. in |ower
bacterial contam nation and hi gher dissol ved oxygen |evels), discharges from
nonpoi nt sources (NPSs) remain and have increased as a share of the water
quality problem Inpairnents from sedimentation, nutrient enrichnent, runoff
from farmands, and toxic contam nation of fish tissue and sedi nents have
become more evident (USEPA 1990). Extending regulatory controls to include

NPSs of water pollution may be necessary for the objectives of Federal water

pol lution control legislation to be net.



2

Federal authorities have stepped up efforts to control NPS pollution in

recent years. The 1987 Water Quality Act (WQA) authorizes the expenditure of
up to $400 million by the EPA to help control water pollution from NPSs
States are also required to file managenment plans under Section 319 of the
Act, identifying steps for reducing loadings from NPSs. In addition, the 1990
Anendrents to the Coastal Zone Managenent Act (CZMA) enpower EPA and NOAA to
manage |land use in coastal areas. The President’s Water Quality Initiative,
while aimed prinmarily at ground water protection, is also intended to support
education and technical assistance efforts to promote voluntary adoption of
farm managenent practices, which reduce agriculture-related inpairnents of
surface water quality, in watersheds identified by 319 reports as having NPS
pol | ution problens.

The principle behind these efforts, and the upconing reauthorization of
the Clean Water Act in 1992, is to treat ecosystens as a whole, rather than
focusing on single sources of contamination or single pollutants. The recently
enacted anendnents to the CZMA serve as an exanple. Wile they stress the
i nportance of managing land use in coastal areas to protect surface water
quality, the anendnents are coordinated with existing water quality management
efforts. The nost inportant provision, Section 6217 (“Protecting Coastal
Waters”), requires each State to devel op a new Coastal Nonpoint Pollution
Control Program The prograns will seine as anendments to the State’s existing
Coastal Zone Managenent (CZMA) and Nonpoi nt Source Managenent (Section 319 of
the WQA) Programs. The central purpose is to strengthen |inks between coastal
zone managenent, water quality programs, and |and use restrictions.

A holistic approach may be especially appropriate for bringing NPSs

under control. NPSs have grown as a share of the water quality probl em because



they are harder to identify and control than PSs. NPS contributions depend
upon localized factors such as land use, climte, and a host of
geonor phol ogi cal characteristics. Therefore, control of NPSs is more likely to
be cost effective if approached in a way that allows for their site-specific
nature.

One approach for dealing with these problens would be to allow PSs to
sponsor inplementation of NPS controls rather than install controls of their
own. PS operators and local environmental officials may be better situated to
identify and manage |ocalized water quality problenms than regional and
national regulators, and a PS/NPS trading program may give them both the nmeans
and the motivation to do so. Mreover, if the NPS conponent of the overall
water quality problem is significant, and the relative costs of NPS reductions
are lower than the costs of additional PS controls, then water quality goals
could be net at a lower cost by substituting NPS reductions for PS ones. Two
PS/INPS trading prograns presently exist in Colorado, and a third has recently
been approved for the Tar-Pamico Basin of North Carolina

The purpose of this paper is to offer an initial assessnent of the
feasibility of the PS/INPS trading option for coastal water quality nanagenent
Qur approach has two parts. First, we explore some of the conceptual and
practical issues involved in designing and inplenenting PS/NPS trading
prograns. Second, we consider the nunber of coastal watersheds that satisfy
sinple but necessary conditions for inplementation of PS/NPS trading. CQur
focus on coastal waters is notivated by the recent reauthorization of the
CZMA, which calls for increased efforts by States to inprove the condition of
coastal waters. W enphasize agricultural nonpoint sources because they are

recogni zed as the single | argest (USEPA 1990), the means for their control are



less capital intensive than urban runoff controls, and they are more
controllable than runoff from forestland or barren lands.

Given this objective, we develop and analyze a simple model of PS/NPS
trading in Section 11. This model shows how the random loadings and higher
monitoring costs generally associated with NPSs pose difficulties for those
who would attempt to set up a trading program. In Section IlIl we discuss some
the real world complexities omitted from the conceptual model and consider

their possible effects on implementing trading programs. We find no shortage

of potential obstacles, but many of the problems also would apply to any
attempt to control NPS pollution. In Section IV we conduct a screening study
as an initial assessment of the feasibility of trading Programs for managing
coastal water quality. Section V offers our conclusion that PS/NPS trading

does not have broad applicability for coastal water quality management but

might work in a few locations.



Il1. The Economics of Point/Nonpoint Source Trading

1. Limitations of the Standard Model of Trading

The standard economic argument in favor of PS/NPS trading is a simple
one: by allowing point sources with high abatement costs to trade pollution
reductions with nonpoint sources that have lower abatement costs, the total
costs of achieving a given level of water quality can be reduced. This
argument has long been used to support proposals for establishing trading
programs among point sources of pollution that have different abatement
costs. However, the economics of trading are not as simple when nonpoint
sources are involved.

To begin, the standard argument assumes that pollutant loadings are
deterministic. This may be a reasonable assumption for point sources, but it
certainly is not for nonpoint sources. A characteristic feature of nonpoint
loadings is that they are stochastic: the loadings are influenced by a
variety of climatic and gemorphological factors. As such, they are more
difficult to control than point source loadings, and the effectiveness of
nonpoint controls is more difficult to predict.

Nonpoint loadings are also more difficult to measure (Harrington et al.,
1985 and Segerson, 1988). This raises questions about how trades involving
nonpoint sources would be monitored and enforced. Even if we assume that
estimates of, say, average loadings are obtainable, the estimates are likely
to be costly. As a result, enforcement costs for nonpoint sources are likely

to be high.



Although researchers examining PS/NPS trading have recognized these
problems (e.g. see Kashmanian et al., 1986), little attention has been given
to what they imply for the economics of trading.1 Discussions of the
problems typically conclude by recommending that uncertainty about the magni-
tude and effect of nonpoint loadings and the difficulty of measuring them
should be accommodated by making the terms of trade less favorable for
nonpoint sources (Kashmanian, 1986 and EPA, 1991). The usual recommendation
is that the “trading ratio” should be set above one: a unit reduction in
loadings by a nonpoint source should count for less than a unit reduction by
a point source. Although this recommendation may be appropriate, by itself,
it says little about how the trading ratio should actually be set. In this
section we develop a simple model that allows us to examine the economics of
PS/NPS trading more formally and to identify the factors that determine the

magnitude of the “correct” trading ratio.

2. An Alternative Model

For simplicity, let us suppose that our hypothetical watershed contains
just one point source and one non-point source (the model can be generalized
to multiple sources quite easily). The differences between the two sources
are: (i) the pollutant loadings from the point source are deterministic,
while the loadings from the nonpoint source are stochastic; and (ii) it is

cheaper to measure (or monitor) average loadings from the point source than

a notable exception is the work by Milon (1987), which explicitly
takes into account the stochasticity of loadings and their effects on water
quality.



the nonpoint source. These differences are obviously stylized. Point source
loadings are likely to also be stochastic, albeit with less variability than
nonpoint loadings. Furthermore, there are likely to be differences in the
accuracy with which point and nonpoint loadings can be estimated, and not
just in the costs of estimating them. (We assume that average loadings from

the two sources are measured without error,)

Production, Technology, and Pollutant Loadings

For concreteness, suppose that the nonpoint source is a farm and the
point source is an industrial plant and that both are risk-neutral profit-
maximizers. The variable and capital inputs used by each are represented by
the vectors x, and ki; the vectors include both production inputs and
abatement inputs. The capital input vector k icharacterizes each source’s
technology.

The inputs used by the point source (i = 1) determine its product output
q = fl(xl,kl), and its pollutant loadings e = gl(xl,kl) The same is true
for the nonpoint source (i = 2), except that its pollutant loadings also
depend on a random variable w: e, = éz(xz,kz;w), w is intended to capture
both the inherent stochasticity of nonpoint loadings (due to climatic and
geomorphological factors), as well as uncertainty about the relationship
between input use and the magnitude of loadings. We shall assume that larger
values of w imply higher loadings.

For our purposes, it is convenient to write nonpoint loadings as the sum

of the average loading and a stochastic deviation term with mean zero:

(1) e2 = gz(xz’kz) + ez(xz,kz;w),



where g = E[éz] and e = éz - gz.2 Note that the above specification does
not, per se, impose any restrictions on the source’s ability to control the
distribution of its loadings. For instance, by choosing its inputs appropr-
iately, the source could independently vary the mean and variance of its

loadings. ?

Environmental Damages

The pollutant loadings result in damages to the waterbody. The monetary
value of these damages is given by D(ﬁle1 + 02ez). We assume the damage
function is “smooth” and that marginal damages are positive and non-
decreasing: D' > 0 and D* =2 0. The constants 01 allow for the possibility
that loadings from the two sources have different effects on the waterbody

(perhaps due to location or to the chemical composition of the 1oad‘ings).l'

Abatement Costs

To define abatement costs , we need to specify the loading parameter that
sources would trade. An obvious choice is the average (or mean) loading over
some period of time. We shall assume this is the parameter traded, not only

because it is convenient analytically, but also because it is the quantity

2 Shortle (1990) uses a similar approach.

® Whether or not_it could actually do this would depend on the form of
the loading functiong(*) If g(+)= h(x,k) + w, the source would only be
able to influence mean loadings. However, ifé(-)has the more general form
g(*) = h(x,k) + t(x,k;w), it would be able to influence both the mean and
variance of loadings.

* Location would be relevant for what Tietenberg (1985, p. 22) terms
nonuniformly mixed assimilative pollutants. Chemical composition would be
important for pollutants such as phosphorus, whose effect on the environment,
depends on its exact form, which can vary across point and nonpoint sources
(see Krupnick, 1989, p. 16).



traded in existing programs. It should be noted, though, that depending on
the pollutant and the characteristics of the watershed, it may be preferable
to consider some other parameter, such as maximum Ioadings.5
Each source’'s abatement costs can now be defined in terms of its average
loadings. Two types of abatement cost functions are defined: a restricted
cost function Ci(-éi,ki) and an unrestricted cost function Ci(gi). The
restricted cost function gives the source’'s costs, in terms of foregone
profits, of achieving an average loading of Ei using a prescribed technology
ki. Ci(Ei,ki) can be derived from the source’'s profit-maximization problem.s
The unrestricted cost function, Ci(gi), gives a source's abatement costs

when it is free to choose the technology it uses. We can define Ci(Ei) in

terms of the restricted cost function:

(3) Ci(ei) = m1l<n Ci(ei,ki).
i

For both the restricted and unrestricted cost functions, marginal

abatement costs are positive over the relevant range: -aci/aéi > 0 and

dC_/dE, > 0. Furthermore, assuming the production and loadings functions have
1 1

>t may even be desirable to trade more than one parameter, for
instance, average monthly loadings and maximum daily loadings. Milon (1987)
discusses the shortcomings of using average loadings alone.

6Let:t:'mg fi(xi,ki) represent a source’s production function,

s = % - - ’ -~ ’ R
Ci(ei,ki) n [miaé): (pifi(xi,ki) wixi riki) s.t. gi(xi,ki) ei].

The first term above (ﬂ’i*) represents the source's profits when its actions
are unrestricted; the second term represents its profits when it must restrict
average loadings to Ei using the prescribed technology ki' wiand r are
simply the prices of the variable and capital inputs; and P, is the price

source receives for its output.
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the appropriate properties, the nmarginal abatement cost schedules will have

the usual downward sloping shape: -azci/aéf < 0 and -dzci/dgi < 0.

Monitoring and Enforcenent Costs

Gven the inportance of nonitoring and enforcenent costs in PS/ NPS
trading prograns, we incorporate them in our nodel. However, to keep the
nodel tractable, we restrict attention to enforcenent policies that achieve
full conpliance, i.e., they ensure that neither source exceeds its allowed
average |loadings. The regulator acconplishes this by auditing the sources at
random and fining them if they are found exceeding their allowed average
| oadi ngs.

Let a denote the probability a source is audited, and F(-e—i - yi) t he
fine the source faces for exceeding its allowed average | oading B, For the
source to be conpliant, the narginal expected fine it faces when % = B, must

be no snaller than its marginal cost of abatenent:
(4) aF'(0) = -3C (u ,k)/de,

Note that this condition is appropriate even when the source chooses its
t echnol ogy, because technology is presumably fixed when the source makes its
day-to-day conpliance decisions; these decisions would be based only on the
source’s variable costs.’

Taking the fine schedul e as exogenous, condition (4) inplies that by

setting an audit probability of

(5) a = $[-8C (u,.k)/3e ],

" Thus we are nodeling continuing conpliance rather than initial

conpliance (Russell, et al., 1986, p. 8).
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where ¢ = [F’(0) ]'1, the regulator could ensure a source’s conpliance,
Enforcenent costs in this situation would consist solely of audit costs.®
Total expected enforcenment costs woul d be cz‘:A1 + a:Az, wher e A denotes the
cost of an audit. Guven our prenmise that it is nore costly to nonitor the

| oadi ngs of nonpoint source than a point source, A, would be greater than Al.

3. The Benchrmark Optinum

We are now ready to specify a benchmark social cost mnimzation
problem  The solution to this problemis intended to provide a realistic
reference against which to conpare trading programs; it does not represent
the first-best solution. The benchmark problem is one where the regulator
can dictate a source’s average |oadings (pi) and the technology it uses (ki),
but not its variable input use (xi). (Enforcing variable input use is
assuned to be prohibitively costly.)

The regul ator ensures the source’s conpliance with B by auditing it
with probability a:. Ensuring the source adopts the prescribed technology is
assunmed to be costless at the margin -- it sinply requires a one time check
of the technology the source is using.

Formal |y, the benchmark problemis to find the technologies and average
| oadings that minimze the sum of abatenent and enforcement costs, plus the
expected damages from pollutant | oadings:

2

(6) ;-:i: i):'l [Ci(“i"‘i) + ain] + E[D( OB, + 0,(u, + exu,k i) )],

® There would be no fine-related costs, since fines would never be
| evi ed.
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* . % . . - . —

wher e ez(yz, kz, w) = ez(xz (pz, kz) ,kz, w) is the indirect |oading deviation
function. g In witing the expression for damages we have made use of the
S 10

= = *

equal ities ¢ = B and e = p, + et

Substituting for a; from (5), and denoting the covariance operator by

COV, the first-order conditions for the benchmark problem can be witten as: 11

-ac, 3°c,
(7) — + A —— ¢ = 0E[D()],
aul 6;11
-3¢, a’c, dex
(8) —2 4+ a $ = 6E[D'()] + 800V[D/(+), —2 |,
du 2 3#2 2 2 du
2 2 2
3¢, azc1
(9) —_— = A1 é, v k1 € k1’
ak 3k dp
1 1 i
ac, azci dex
(10) —2 = Az—-——-—-¢ - ezcov D’(s), — 1, szek.
8k 3k _ap 3k z
2 2 2 2

Optimal Allocation of Average Loadings

The first condition (7) calls for B, to be set so that the sum of the

margi nal cost of abatenent and the marginal cost of enforcenent for the point

9 The choi ce function xv;(ui,ki) is the solution to the profit maxim -
zation problemin footnote 6.
10 The above specification assumes that the regulator is risk-neutral.

Allowing for risk aversion yields qualitatively similar results to those
obtai ned below for the case of a strictly convex damage function (D' > 0).

12 W have nade use of the relationship E(ab) = E(a)E(b) + COV(a,b).
Here, a = D’(+) and b = 8552\'/6h, where h = kb, or k2. Since e§ has mean zero,
E[de*/8h] = 3E[e*]/3h = 0.
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source is equal to the expected marginal damage it causes. This is a natural
extension of the usual rule that narginal costs should be equated to nargina
damages

The condition for the average loading from the nonpoint source (8) is
somewhat nore conplicated: it contains an extra covariance term that reflects
the uncertainty about nonpoint |oadings. The sign and magnitude of the term
depend, roughly, on the curvature of the damage function and on the relation-
ship between the nmean and variance of the source’s | oadings.

The term vanishes if damages are linear (since D(.) is then a constant),
o if the nean and variance of |oadings are unrel ated (aeg/ayz =0)., But if
the damage function is convex (D' > 0) and larger average loadings inply a
larger variability in |oadings (aeg/apzaw > 0), the termis positive. In
this case, the covariance term can be be thought of as representing the damage

prem um associated with the uncertainty about [ oadings.

Opti mal Choi ce of Technol ogy

Turning to the conditions for the capital inputs, (9) and (10), we can
establish that the regulator’s choice of technology is not the same as a
source’'s. From (3), we can verify that a source would choose its technol ogy
so that aci/aki = 0, Vki. Conditions (9) and (10) are nore conplicated than
this: the regulator takes into account the effect of technology on enforce-
ment costs and, in the case of the nonpoint source, on the damage premium *

The sources ignore these costs when choosing ki, since they do not bear them

2 That technol ogy may influence enforcenent costs and/or the variability
of loadings should not be surprising. Suppose, for exanple, that the farm
can lower its nitrogen |oadings by either building a retention pond or by
reduci ng the amount of fertilizer it applies. Both enforcement costs and the
variability of loadings are likely to differ for these two technol ogies.
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Once again, the damage premiumin (10) is positive only if danages are
non-1linear. If damages are linear, the variability of loadings is irrele-
vant, and the regulator will only worry about average |oadings. However, if
the damage function is convex, the regulator will exploit opportunities to
reduce the variability of l|oadings by prescribing the appropriate technol ogy.

The above results suggest the following two broad conclusions
(i) uncertainty about nonpoint source |oadings is of concern only if the
damage function is nonlinear; and (ii) allowing the regulator to prescribe
the technol ogy sources should adopt can reduce social costs, to the extent
that the choice of technology influences the nagnitude of enforcenent costs

and the danmge prenium

4, Inplications for the Design of a Trading Program

Let us exanmine the inplications of the above analysis for the design of
a PS/INPS trading program W begin by considering the issue of the appro-
priate trading ratio. W shall assume, for the nmonment, that the regulator
can dictate the technology a source adopts, and can thereby ensure that
conditions (9) and (10) are satisfied. The question, then, is whether the
regul ator can set the trading ratio so that conditions (7) and (8) hold

Rearranging (7) and (8), and dividing one by the other, we find

aC /ou, -A2¢-6202/8u§ +6,E[D'(+)] + §,COV[D’,8¢%/0p ]

(11) —_ =
2 2 ‘e

aC_/ap, -A $+8°C_ /ap. + 8 E[D’(+)]

The LHS of this equation represents the ratio of nmarginal abatement costs.
Therefore, the RHS is the trading ratio required for the benchmark conditions

in (7) and (8) to hold.
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In the sinple setting where loadings are determnistic and enforcenent
is costless, the RHS of (11) reduces to 02/91; this is the famliar result
that the optimal trading ratio should equal the relative environnmental
impacts of the |oadings fromthe two sources.

The optinmal trading ratio is considerably nmore conplicated when | oadings
are uncertain and enforcement is costly. The ratio now depends, in part, on
the magnitude of the damage premium  The argunent that the trading ratio
should be increased to conpensate for the uncertainty about nonpoint |oadings
is corroborated by (11), provided damages are convex (or the regulator is
risk averse) and higher average loadings inply greater variability. If
either of these conditions does not hold, uncertainty about nonpoint | oadings
is irrelevant in determning the proper trading ratio. Thus, in recomending
that trading ratios be set above one, it is being inplicitly assumed that
both these conditions do hold.

The relative nagnitude of marginal enforcement costs also influences the
optimal trading ratio. Enforcement costs are a function of the audit costs Ai
and the slopes of the marginal abatenment cost curves azci/api. [f the cost
curves have simlar slopes, the relative magnitude of narginal enforcement
costs is just a function of A, and A. In this case, the higher audit cost
for the nonpoint source (A, > A) has the effect of lowering the optinal
trading ratio. This is not surprising: if it is nore expensive to ensure the
nonpoi nt source’'s conpliance, abatement burden should be shifted toward the
point source, which requires lowering the trading ratio. This effect is
reduced to the extent that the the margi nal abatenment cost curve for the
point source is likely to be nore steeply sloped than the curve for the

nonpoint source. A priori, it is difficult to specify whether this
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difference would nmore than conpensate for the difference in audit costs.

The above discussion reveals that calculating the appropriate trading
ratio requires a substantial amount of information. Equation (11) shows us
that the trading ratio must reflect all relevant social costs other than the
direct costs of abatement. Since sources just bear the latter costs, the
only means of forcing themto take into account the other social costs
incurred is by adjusting the trading ratio appropriately.

We have assunmed thus far that the regulator can dictate the technol ogy
that sources use. The form of equation (11) does not change drastically when
sources are free to choose their technologies. Analytically, the prinmary
difference is that the ki must be replaced by each source’s choice functions
k?(pi) (see eq. (3)). This change does, however, have inportant inplications
for the regulator’s ability to attain the benchmark opti mum The regul ator
now has only one policy instrument for each source, nanmely the allowed
aver age | oadi ng, B Al'though the regulator will take into account the
effect of the allowed |oading on a source’s choice of technology, it will not
be able to costlessly influence the source’s technol ogy choice. As a result,
the benchmark will no |onger be attainable, and social costs wll be higher.

Regardl ess of whether the regulator can prescribe technologies, the above
anal ysis makes clear that setting the trading ratio is no sinple matter. In
particular, it shows that the two distinguishing features of nonpoint |oadings
-- their uncertainty and the higher costs of nonitoring them -- my have
opposing influences on the optimal ratio. Therefore it is questionable whether
one can recomend a priori that trading ratios should favor point sources
and thus be set above one. The analysis shows that one has to to consider

the nature of the damage function and the relative costs of enforcenent.
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[11. Technical and Practical Aspects

1. Real Wirld Conplexities

I npl ementing a successful PS/NPS trading program is of course much nore
difficult than the above analysis suggests. Many sinplifying assunptions of
the nodel depart from reality in inportant ways. These departures represent
technical and practical conplications in inplenenting trading. Significant
anong them are the nodel's represention of regulators’ objectives, their
moni toring and enforcenment capabilities, their know edge of the costs and
ef fectiveness of NPS control nethods, and the fate and transport of target
pol lutants. Many of these problens would encunber any attenpt to bring NPSs
under control, but some are unique to the trading option. If NPS control in
some formis deemed necessary for achievenent of |egislated water quality
goals, then the latter set of problens is nore germane to our discussion. To
avoid the all too comon m stake of assigning all of these problens to trading
prograns alone, we shall discuss each of themin turn for the purpose of

classification.

2. Problems Unique to the PS/NPS Trading Option

The trading option differs from other approaches to NPS control because
it relies on a market to coordinate the actions of relevant econonic agents. A
key aspect in successfully coordinating themis having themin the appropriate

nunmber. Failure can cone from having too nany or too few participants in a
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pollution rights market.

The first side of the coordination problem pertains to neasurenment: we
cannot neasure pollutant |oadings fromindividual NPSs therefore we do not
know the previous |oadings of individual NPSs. Wthout historical records for
NPS | oadi ngs, we cannot calculate the pollutant reductions to be traded. PSs
are unlikely to enter into what would essentially be a purchase of an
ambi guous property right. W are able to estimate gross NPS |oading and even
to classify them by origin: urban, forestland, and agricultural runoff, etc.
Because of our ability to neasure gross but not individual |oadings it mght
be necessary to involve all or nmobst of a watershed's farmers in a given trade.

The coordination problem also has its abstract side. Wile often
described conceptually as a perfectly conpetitive market, PS/ NPS trading nore
closely resenbles a private subsidy scheme: PSs avoid costly abatement by
paying farners to alter their practices. Unfortunately |ower narginal
abatenment costs for NPSs alone nay not nmeke trading a reality. Coasian
transactions costs are likely to elinmnate some trades that would |ower total
control costs. A “stick” provision mght be necessary to encourage farners to
participate in what mght otherwise seemto others a profitable trade but to
themis costly to arrange.

These two probl ens coul d exacerbate one another. To get an accurate
estimate of the potential pollutant reduction, a large number of farners might
need to participate. Bargaining costs, though, mght prevent transactions with
numerous participants. In any case, a sufficient nunber of NPSs will have to
exist to create a loading reduction the PS can use. The fact that failure can
cone fromhaving too many or too few participants for the pollution rights

market is part of what makes this coordination problemdifficult. Qher
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probl ens affecting NPS control in general also encunber the PS/ NPS trading

coordi nat or.

3. Four Problens with NPS Controls in General

Model i ng Regi onal Objectives

The conceptual nodel has a single objective while the region’s water
qual ity nmanagers generally will have nore than one. Cooperation anong
participating regulators is necessary for any type of NPS control to achieve
its cost and environmental goals, so this problem would likely confront any
NPS control plan. The single coastal water quality regulator of the nobdel in
reality is probably several cooperating watershed authorities. Wthin any
portion of the watershed, trading is likely to be unworkable since the entire
area of influence of trading nust be included if its water quality is to be
protected. The entire systemis likely to fall into several political
jurisdictions, and a single authority would have to be enpowered to run a
trading program

The absence of such an authority would nean further institutional change
is necessary and make inplenmentation of trading more difficult. Regardless,
the smaller jurisdictions will not be quick to relinquish their powers to a
regi onal authority. Two of the existing exanples of PS/NPS trading are
suggestive here. For the PS/NPS programfor Dillon Reservoir, a threatened
growth noratorium provided the notivation behind the formation of the
Nort hwest Col orado Council of Governnents. On the other hand, the Tar-Panlico

programin North Carolina faces no such crisis and its Basin Association is
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having nmore difficulty setting rules for trading (Anderson 1991). In sum
weddi ng the objectives of individual jurisdictions with regional cost

mni m zation can prove difficult.

Monitoring and Enforcenent

Any approach to NPS control would encounter nonitoring and enforcenent
problenms to some degree, but a trading program may be nmore susceptible to
them |f a market for pollution reductions is to be established, the regiona
authority nust be able to enforce trades and detect violations. Two problens
may exist. First, many states sinply do not have standards for nutrients.
These states could establish them or link nutrient discharges to dissolved
oxygen standards, but either approach would require the use of water quality
model s and is not costless. For a number of reasons such nodels are far from
sinple. (a) Estuarine mpdels nust include the effects of tidal incursions,
normal surface flows, groundwater inflows of nitrates, and benthic sedinents.
(b) Because of the presence of both saline and fresh water, nore than one
pol lutant can be limiting. (c) Phosphorus and nitrogen nust be in dissolved
and in inorganic forns to be available to phytoplankton for growth. Chemica
and bi ol ogi cal activity can convert other P and N fornms to these forns, and
vice versa. Second, trades may be difficult to enforce and violations
difficult to detect with the present nonitoring capacity and nmore difficult
still to attribute to individual sources (Segerson 1988). PSs do not present
so nuch of a problem here, but NPS controls thenmsel ves woul d probably have to

be nonitored rather than the resulting |oadings.
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Uncertain Performance of NPS Controls

NPS controls, as nandatory neasures undertaken for water quality
i mprovenents, are virtually untried conpared to our history with PS controls.
This uncertainty would affect any attenpt at NPS control and not just trading
The cost and effectiveness of NPS control methods are not known to regulators
or dischargers with certainty. The level and number of acceptable violations
under PS/NPS trading in reality is a stochastic decision problem* Pollutant
| oadi ngs and the physio-chenmical reactions to them are uncertain. The added
risk could nake PS/INPS trading difficult to defend, both politically and to
potential participants. Explaining the paraneters of a risk management problem
m ght prove difficult since the public is used to the relative certainty of PS
controls. Reduction of the likelihood of a violation nay be politically
desirable, but too high a required likelihood might have costs exceeding the
possible benefits (Mlon 1987). Also, to encourage program participation,
farmers uncertain of the efficacy of NPS controls might need a “stick”
provision to go along with the “carrot” (i.e. the subsidy from the PS) that

trading would provide

Fate and Transport of Pollutants

We do not know enough about the fate and transport of target pollutants.

NPS controls that reduce pollutant |oadings to surface water (e.g. grassed

wat erways and ani nal waste treatnent |agoons for the Tar-Panlico Basin

® Point source control is also a stochastic decision problem although,

to a lesser extent.
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progran) may actually increase |loadings of these or other pollutants to
groundwater. Wile predictive nodels are available, large areas of uncertainty
remain. ' Cbviously, the regulatory authority should consider the
consequences of these problens for trading as well and would have to for any

other type of NPS control

4. The Appropriate Question

PS/NPS trading may pose higher adnministrative costs and greater
environnmental risks than technology standards for PSs. If some type of NPS
control is soon in conming, however, the appropriate question relates to the
additional problems the trading option creates relative to other approaches to
NPS control. Arguably, our ignorance and uncertainty related to monitoring and
enforcement, untried NPS controls, and the fate and transport of pollutants
extends beyond the trading option to any attenpt to bring NPSs under control
The additional problens unique to trading pertain to our lack of historica
information that would enable calculation of actual l|oading reductions and to
transactions costs. These latter problens appear considerable but are distinct
fromthe nore general difficulties with NPS control. Below, one of these
i ssues (size of contribution of PSs and NPSs to loadings) is the basis for a
screening study that serves as a conservative nmeans for assessing the nunber
of coastal areas nationally for which a PS/NPS trading program m ght be

f easi bl e.

" USEPA (1989) surveys the types of models available for rivers and
| akes.
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V. Feasibility of Trading for Mnaging Coastal Water Quality

1. Background

In this section, we focus on the question of whether PS/ NPS trading of
pollution reductions is feasible in Anerica’ s coastal water systems. W
exam ne coastal water systens for several reasons. First, it linmts the scope
of our analysis to a mamnageable level: instead of analyzing all pollutant
sources and water quality conditions nationwi de we can | ook at a subset of
wat ersheds in coastal states. Second, coastal water quality issues are highly
policy relevant, given the recent Coastal Zone Managenent Act anendnents and
the renewed interest in protecting coastal water quality. Finally, as we
di scuss below, there exist several detailed data sources on sources and types
of pollutant flows into coastal waters that facilitate a screening analysis.

Bel ow, we develop sinple screening rules to identify water systens which
may be potential candidates for PS/ NPS trading. W apply these rules using the
data on coastal water systens to get an initial assessnent of how many water

systens could potentially be managed with PS/ NPS trading.

2. Data Sources

Data used in this study cone fromthree basic sources: the National Coastal
Pol | utant Discharge Inventory, the National Resources Inventory, and the EPA's

AGTRAK dat abase.
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The National Coastal Pollutant Discharge Inventory (NCPDI) has been
devel oped by the National Oceanic and Atnospheric Administration (NOAA).
The NCPDI contains pollutant loading estinates for all nmjor types of
pol | utant sources located within coastal counties in the continental US
(excluding the Great Lakes). Data are calculated on a base |ine of 1985
conditions. The pollution estimates are drawn from a variety of sources and

based on many different nethodol ogies (See Basta et. al. for details).

Data were obtained from the NCPDI on pollutant |oadings for four types of
pollutants: Nitrogen, phosphorus, suspended sedinents, and 5-day

bi ochem cal oxygen demand (BOD5). Pollutant sources were broken down into
ei ght categories: Wastewater treatment plants, powerplants, industrial
sources, urban runoff, cropland runoff, pastureland runoff, runoff from

barren land, and upstream sources (pollutant |oadings from inland regions).

The National Resources Inventory (NRI) is conducted every five years by the
USDA's Soil Conservation Service. The NRI is designed to obtain natural
resource data usable for analysis at substate (multi-county) level, such as
wat ersheds. The NRI records a variety of land use and resource conditions,
including agricultural uses, cropping history, soil condition, conservation

need and practices, and estimated soil and wind erosion.

Data were obtained fromthe NRI to augnent the pollutant |oading data from
the NCPDI. The NRI data were obtained for sanple points in coastal
wat er sheds (USGS catal oging units). For each coastal cataloging unit,

estinmates were obtained of total soil erosion, soil erosion from cropl and,
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average rates of soil loss (tons/acre/year), and the number of acres which
were identified in the survey as in need of sone formof soil conservation

treat nent.

The EPA's AGIRAK database records citings of water quality inpairments
related to agricultural sources. The citings are taken from state

i nventories of nonpoint source pollution problens filed with EPA under
Section 319(h) of the Water Quality Act of 1987 and Section 305(b) of the
Federal Water Pollution Control Act. The AGIRAK dat abase records the nunber
of identified inpairments related to pesticides, nutrients (nitrogen or

phosphorus) and sediment in each county.

It should be enphasized that the AGIRAK data system only gives a
qualitative assessnent of water quality. Inpairnents are sinply reported by
the number of identified water quality problens in each county. There is no
indication of the geographic extent of the reported problens (such as
nunber of river mles or acres of |lakes inpaired. Also, “inpairments” are
rather |oosely defined; inpaired bodies are those the states have
determined to be of insufficient quality to nmeet “designated uses.”
Standards as to what constitutes "neeting designated uses” vary fromstate
to state. Accordingly, the AGIRAK data should sinply be used as an
indicator that sonmewhere within a given county there have been identified

i mpai rnents of surface water quality related to agricultural sources of

pol | ution.

Data fromthese three sources have been conbined to give an overal
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characterization of the sources and types of coastal water pollution and

rel ated resource conditions. Gven to the amount of data, conplete descriptive
statistics are not presented here; sunmary tables are presented in the
Appendi x. Conplete details on data sources and estination procedures are

avail able from the authors on request.

3. Data Analysis

Characteristics of Coastal Pollutant Flows

Data from the NCPDI covered 350 USGS catal oging units and 415 counties.
Table 1 summarizes on a regional basis the relative shares of pollutant flows
provi ded by point and nonpoint sources.

Overall, agricultural sources supply about forty percent of all nitrogen
| oadings, about thirty percent of phosphorus |oadings, about 45 percent of
sedi ment |oadings, and about 28 percent of BOD5 |oadings.' Agricultural
| oadi ngs of nitrogen and sedinment generally exceed point source |oadings of
these pollutants. (The figures reported in Table 1 are, of course, regional
averages. Substantial variation is found anong individual watersheds —see
Appendi x A).

W single out agricultural nonpoint sources (as opposed to all nonpoint
sources) for several reasons. First, the EPA has identified agricultural

nonpoi nt sources as the | argest single conponent of nonpoint source pollutant

Bagricultural sources are defined here as pollutant |oadings from
harvested cropland, non-harvested cropland, pastureland, and rangeland. O her
non- poi nt sources in the NCPDI which are considered non-agricultural sources
for our purposes include forestland, barren |and, and urban non-point runoff.
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| oadi ngs for the nation as a whole (USEPA 1990). Second, nonpoint source
pollution controls on agricultural lands are less capital intensive (and
t hereby | ess expensive) than urban nonpoint controls (which involve
installation of stormmater runoff control systens). Finally, other non-urban,
non-agricultural sources of pollutant flows (such as runoff fromforestland or
barren land) are not readily controllable, at least to the extent that runoff
from harvested cropland may be.

Table 1 also reports erosion conditions and soil conservation needs
obtained fromthe NRI. Average erosion rates are highest in the East and Qulf
regions. Also, the percentage of agricultural |ands identified as needing sone
form of conservation treatment is highest in the Gulf and the East.
Significantly, soil erosion is less severe in the coastal watersheds in the
\Wst: erosion rates in 1987 were less than 2 tons/acre/year: agricultural
| ands accounted for less than one-fourth of all erosion, and slightly |ess
than 30 percent of agricultural |ands were thought to need sonme form of

conservation treatment.
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Table 1

Sources of Coastal Pollution Loadings
And Rel ated Erosion Data,

By Region
Shares of Shares of Shares of Shares of Agl and Pet of Ag.
Ni trogen Phosphor us Sedi ment BOD5 Average Share of Lands Needi ng
Loadi ngs Loadi ngs Loadi ngs Loadi ngs Cropland all Conservation
. . . . Erosi on Erosi on Treat ment
Regi on Ag. Point | Ag. Point [ Ag. Point | Ag. Poi nt
East 449 | 14.1 32.2 | 23.2 44.0 | 13.7 21.2 22.3 3.99 70.5 43.4
@l f 38.7 19.3 10.2 | 42.5 57.8 | 3.5 33.5 8.1 2.90 63.7 65.7
west 4.1 13.6 33.4 | 253 43.3 | 6.6 28.5 23.4 1.99 24.7 28.9
Data based on cataloging unit-level estimates of pollutant |oadings from

NCPDI .

from NRI .

Poi nt

power pl ants,
nunber

Tot al

Agricul tural

Agricul tural

and

| npai rnents of Coast al

sources.

Vater Quality

pl ants,

Erosion estimates are tons/acre/year.
catal oging units assessed: 350.

Data from the AGIRAK database were exanmned to determine the extent of

agricul tural

to the EPA indicate that

wat er

agricul tural

counties had at

body which did not

nonpoi nt

| east

neet

one water

hal f of the coastal

nutrients (nitrogen or

source pollution in coastal

phosphor us) .

count i es®.

counties contained at

body inpaired by agricultural

State reports

designated uses due to pollution from

sources of

“The AGTRAK database is recorded on a county-by-county basis, rather

than by USGS Catal oging Unit.

The NCPDI

data are available on either

Although it is technically feasible to construct county-|evel

erosion and conservati on needs from the NRI,
statistically meaningful
county-1evel

data were not

estimtes at

drawn from the NRI.

the NRI
the county |evel.

was not

| east one

basi s.
estimates of
designed to give
Accordi ngly,

Data on erosion and lands identified as needing conservation treatnents
| oadi ngs are loadings from cropland and pasturel and.
source |oadings are |oadings from wastewater treatnent

i ndustri al
of coastal

About a third of the coastal
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sedinment. To get some idea of the relationship between agricultural pollutant
| oadi ngs and inpairnments, the data from AGTRAK were nerged with data from
NCPDI, and screened for “significant” agricultural pollutant |oadings. W
define “significant” agricultural loadings in three ways: 20 percent, 25
percent, or 30 percent of total nutrient or sedinent |oadings. Between 114 and
132 counties out of 415 showed both identified agricultural inpairments and
significant agricultural sources of nutrients. Between 84 and 96 counties
showed both significant agricultural sedinment |oadings and identified
impairments from agricultural sedinent.

Table 2

Agriculture’'s Contribution Water Quality Inmpairnments
in Coastal Counties

Nutrients Sedi ment
(No. of (No. of
Count i es) Counti es)

Counties with identified inpairments from agricultural sources 225 155

Counties with identified inpairnents and agriculture contributes at
least 20 percent of pollutant |oadings 132 96

Counties with identified inpairments and agriculture contributes at
least 25 percent of pollutant |oadings 122 87

Counties with identified inpairments and agriculture contributes at
least 30 percent of pollutant |oadings 114 84

“I'mpai rments” are defined as indication by state authorities that a county has
a water body which does not neet designated uses in their 319 reports” to EPA
Data on inpairments from AGTRAK dat abase. Data on sedi ment and nutrient

| oadi ngs from NCPDI, Total nunber of coastal counties assessed: 415.

Application of Screening Criteria for Potential Point-Nonpoint Trading

In order for point-nonpoint trading to contribute to overall water quality

inprovenents in a watershed, several conditions have to be net. The data were



30
exam ned to find how many watersheds satisfy some sinple screening rules. The
objective is to see how many coastal watersheds mght pass a conservative test
of their potential as sites for PS/NPS trading. One such test is to see in how
many coastal watersheds both point and agricultural nonpoint | oadings
contribute “significantly” to total pollutant loadings. Sinply put, if either
the agricultural share of total pollutant flows or the point share of total
| oadings is small, then trading point and nonpoint reductions is unlikely to
be feasible or to contribute nuch to water quality inprovenent.

Table 3 reports the nunber of coastal watersheds which satisfy some sinple
criteria of this sort. The data were examined to identify coastal watersheds
where both point and agricultural nonpoint sources of pollutant |oadings
exceeded 20, 25, or 30 percent of total |oadings each. W chose 20 percent of
| oadi ngs by both point and nonpoint sources as a nmininumcriterion to ensure
that there is enough potential for changes in |oadings from point and nonpoint
sources to affect overall water quality. Thirty percent of |oadings from each
class of pollutant source was the nbst conservative criterion; only a handful
of water systens in the database had nore than 35 percent of |oadi ngs comng
from both pollutant sources.

Looking at the least strict criterion first, if we require that point and
agricultural nonpoint sources both must account for al |east 20 percent of
total |oadings, then out of 350 coastal watersheds 32 nmeet this requirenent
for nitrogen, 37 for phosphorus, 17 for sedinent, and 32 for BOD5. If the
requirenent is that both point and nonpoint sources account for 30 percent
each of total |oadings, the nunbers are considerably smaller: 16 watersheds
neet this criterion for nitrogen and phosphorus, 13 for BOD5, and 8 for

sedinent. (See also Table 4 and Figures 1 - 3.)



Table 3

Coast al

For Potenti al

(Number of Watersheds)

Tradi ng

VWt ersheds Meeting Screening Criteria
Poi nt - Nonpoi nt

31

Nitrogen

Phosphorus

Sediment

BOD5

Cataloging Units with both point and agricultural
sources supplying at least 20 percent of pollutant
loadings

32

37

17

34

Cataloging Units with both point and agricultural
sources supplying at least 25 percent of pollutant
loadings

25

23

13

22

Cataloging Units with both point and agricultural
sources supplying at least 30 percent of pollutant
loadings

16

16

13

Data based on cataloging unit-Ievel

estimates of pollutant

| oadi ngs from

NCPDI Agricultural loadings are loadings from cropland and pasturel and,
Point source loadings are |oadings from wastewater treatment plants,
powerplants, and industrial sources. Total number of coastal cataloging units
assessed: 350.
Table 4
Distribution of Cataloging Units Meeting 30 Percent
Point, Nonpoint Pollutant Loading Shares
By Pollutant Category and Region
Multiple
Region Nitrogen Only Phosphorus Only Sediment Only BODS5 Only Pollutants
BODS, P:1
East (19) 4 6 3 N,P:1
P,s:1
Gulf Coast (13) 5 2 0 BOD5, N:4
west (11) 1 4 3 BODS5, N,P,S:1

Dat a based on catal oging unit-Ievel

NCPDI Agricul tural
Point source |oadings are loadings from wastewater
power pl ants, and industrial sources.

assessed: 350.

Tot al

esti mates of poll utant

| oadi ngs from

| oadi ngs are | oadings fromcropland and pasturel and.
treat nent
number of coast al

pl ants,
cataloging units
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As revealed by Table 3 and 4 and Figures 1 - 3, it would appear that our
initial screening does not show any particularly w despread potential for
PS/INPS trading possibilities. Only at nobst 10 percent of the total nunber of
coastal watersheds exanined nmeet the nobst optinmistic criteria we have
established. Qur analysis suggests PS/NPS trading night work in a few
| ocations, but is unlikely to bring about NPS control in coastal regions
nationally by itself.

Qur results mirror those of a recent EPA study of all water bodies. The
study examined information on waterbody inpairments in 37 states, the District
of Colunbia, and two U S. possessions for a count of the nunber of rivers,
| akes, and estuary segnents which a) do not neet designated uses from nutrient
enrichment, and b) contain industrial point sources, municipal point sources,
or both along with nonpoint sources (agriculture, silviculture, construction,
resource extraction, land disposal, or hydro/habitat nodification).

Their study showed that out of about 10,000 water bodies in their database
not fully supporting designated uses due to nutrient |oads, about 6 percent
(618) inmpaired rivers, lakes, or estuaries could be considered for nutrient

| oad trading.?°

20personal conmuni cation and nenmorandum supplied to the authors by Chris
Faul kner, US EPA, O fice of Water, Assessnents and Protection Division.



Figure 1:
Eastern Cataloging Units Meeting Criteria
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Figure 2:

Southern Cataloging Units Meeting Criteria
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Figure 3:

Western Cataloging Units Meeting Criteria

For Potential Point-Nonpoint Trading
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V. Concl usi ons

The purpose of this paper was to offer a national perspective on the
feasibility of the PS/NPS trading option for coastal water quality managenent.
We have used a conceptual mpdel and a screening analysis to explore this
question analytically and enpirically. Qur analysis indicates that it is
unlikely that PS/NPS trading can form the basis of a national coastal water
qual ity management program It may, however, be a viable and attractive policy
instrument in a few |ocations.

Qur conceptual nodel showed that nmore attention needs to be paid to the
i ssue of setting the appropriate trading ratio. Athough it is often
recommended that the ratio be set above one to allow for the randommess in
nonpoi nt source loadings (as it has been for the Dillon Reservoir progran,
the greater difficulty in nonitoring NPS loadings may call for a smaller
ratio. Setting trading ratios above one may not result in cost effective
out comes.

PS/NPS trading does introduce sone new problens because it approaches water
qual ity management by attenpting to create a market for pollution rights. A
key elenent in properly coordinating such a market is having an appropriate
nunber of participants. The nunber nust be | arge enough so that the potenti al
| oadings reduction is of use to a PS and can be neasured with sone accuracy,
yet small enough so that bargaining costs are not prohibitive. On the other
hand, many of the obstacles to inplementing PS/NPS trading progranms apply to
ot her approaches to NPS control also. The problens of inplenmenting trading

prograns do not seemto be nuch greater than those associated wth other
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approaches to controlling nonpoint source pollution.

We conducted a conservative screening analysis based on the consideration
that the proportions of |oadings contributed to a watershed by PSs and NPSs at
| east be consistent with the possibility of trading. Approximtely ten percent
of the coastal watersheds were reported by states as having “significant”
contributions (twenty percent) of sediment, nutrient, or BOD5 |oadings from
both point and agricultural nonpoint sources. This nationw de screening
anal ysis cannot |ocate “good” candidates for trading prograns but does allow
us to rule out many coastal watersheds, so researchers and planners can better

focus their water quality efforts.

Acknow edgenents: We would like to thank Dan Farrow, Chris Faul kner, Rich
Kashmani an, Barry Korb, and Marc Ribaudo for their tinely assistance in

providing data and insights for this research. The usual rejoinder applies.
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